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(54) Spread spectrum synchronization apparatus 

(57) A present invention provides a spread spec- 
trum communication apparatus that acquisition of syn- 
chronization of the pilot signal can be conducted in a 
short time with a high probability when a mobile station 
stays in the same radio area or in its vicinity. The spread 
spectrum communication apparatus includes a PN 
period holding counter (234) is provided in a search 
receiver (23), and phase information of the PN code is 



held in the counter (234) during the power off interval. At 
the time of operation of synchronization acquisition of a 
pilot signal conducted when power is turned on again, 
the operation of synchronization acquisition of the pilot 
signal is conducted with a preset search width around 
the phase derived on the basis of the above described 
held phase information. 
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Description 

[0001 ] The present invention relates to a spread spec- 
trum communication apparatus used in a digital cellular 
radio system adopting a code division multiple access 
(CDMA) method as a radio channel access method. 
[0002] In recent years, the spread spectrum commu- 
nication method immune to interference and distur- 
bance attracts attention as one of communication 
methods applied to mobile communication systems. 
The spread spectrum communication method is used 
mainly to implement a cellular radio system adopting 
the CDMA method. 

[0003] In the cellular radio system adopting the CDMA 
method, a transmitting device modulates digitized audio 
data and image data by using a digital modulation 
method such as a PS K modulation method, then con- 
verts the modulated data to be transmitted to a wide- 
band baseband signal by using a short code, up- 
converts the wideband baseband signal to a signal of a 
radio frequency band, and transmits the up-converted 
signal. The short codes are generated by shifting a 
phase of a spreading code having a periodicity. For 
example, a pseudo random noise code (PN code) is 
used as the spreading code. On the other hand, a 
receiving device down-converts the received radio fre- 
quency signal to a received signal of an intermediate 
frequency or a baseband frequency, despreads the 
down-converted signal using same short code used in 
the transmitting device, then conducts digital demodula- 
tion by using a digital demodulation method such as a 
PSK demodulation method, and thus reproduces 
received data. 

[0004] In other words, in the CDMA method, different 
short codes are assigned to radio communications 
between a plurality of mobile stations and a base station 
to ensure channel separation among radio communica- 
tions. 

[0005] When a mobile station starts communication in 
such a system, it is necessary to establish synchroniza- 
tion for the short code of a pilot signal transmitted by a 
base station. As its synchronization acquisition method, 
the following method, for example, has been proposed 
heretofore. 

[0006] A PN code has a length of, for example, 2 15 
(one period =26.6 msec). Each base station generates 
a PN code to produce the short codes from a preset dif- 
ferent chip phase every radio area managed by its own 
station. The chip phase whereat generation of the PN 
code is started is called offset, 

[0007] When power is turned on, each mobile station 
first generates a short code from its own PN code gen- 
erator while successively shifting the chip phase from 
an arbitrarily set initial reference phase. By monitoring a 
correlation value between this short code and the short 
code of the pilot signal broadcast from a base station, 
the mobile station searches for the offset of the PN code 
used by the base station. If the offset of the PN code 



used by the base station is acquired by this search, then 
a sync channel is received and a system identification 
(SID) for identifying the mobile communication network 
is checked. If this SID is one corresponding to a home 
5 system in which its own station was registered before- 
hand, then the mobile station proceeds to a waiting 
state. 

[0008] However, such a short code synchronizing 
method heretofore proposed has the following problem 

10 to be solved. Whenever power of the mobile station is 
turned on in the conventional short code synchronizing 
method, the mobile station generates a PN code from 
an arbitrarily set initial phase and conducts the opera- 
tion for acquiring the synchronization of the pilot signal 

is as described above. Even in the case where, for exam- 
ple, the power of the mobile station is temporarily turned 
off and the power of the mobile station is turned on 
again without moving from that radio area, therefore, the 
mobile station necessarily generates a PN code from 

20 the initial reference phase and acquires the synchroni- 
zation of the pilot signal. As a result, it takes a long time 
to acquire the synchronization of the short code, 
depending upon the positional relation between the off- 
set of the PN code to be acquired and the initial refer- 

25 ence phase of the mobile station. 

[0009] The present invention has been made in view 
of the above described situations. An object of the 
present invention is to provide such a spread spectrum 
communication apparatus that acquisition of synchroni- 
se zation of the pilot signal can be conducted in a short 
time with a high probability when a mobile station stays 
in the same radio area or in its vicinity. 
[0010] In accordance with one aspect of the present 
invention, there is provided a spread spectrum cornmu- 

35 nication apparatus for transmitting/receiving digital sig- 
nals to/from a base station in a spread spectrum form by 
using a spreading code having a periodicity and having 
a different offset value for each radio area comprising: 
spreading code generation means for generating a plu- 

40 rality of short codes by shifting a phase of the spreading 
code, during a synchronization acquisition interval for a 
pilot signal transmitted by the base station; signal 
search means for conducting synchronization acquisi- 
tion of the pilot signal on the basis of a correlation 

45 between a short code of the pilot signal and each of the 
generated short codes and for recognizing a timing 
information of the spreading code when the short code 
of the pilot signal and the generated short code are syn- 
chronized; and phase holding means for holding the 

so recognized timing information during power off interval 
and controlling a phase of generation start of the 
spreading code conducted by the spreading code gen- 
eration means on the basis of the held information when 
power is turned on again. 

55 [0011] Even if power of the apparatus is turned off, 
therefore, the phase information of the spreading code 
obtained before power is turned off is held during the 
power off interval according to the present invention. 
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When power is turned on again, the synchronization 
acquisition operation of the pilot signal is started on the 
basis of the held phase information. In the case where 
the communication apparatus stays within the same 
radio area or in the vicinity thereof, therefore, the syn- 
chronization acquisition can be achieved in a shorter 
time than the conventional technique. 
[0012] When power is turned on again, the phase of 
generation start of the spreading code conducted by the 
spreading code generation means is preferably set to a 
position delayed from a phase derived on the basis of 
the phase information held during the power off interval 
by a predetermined phase value. By doing so, the syn- 
chronization acquisition with high certainty considering 
the propagation delay time difference of the pilot signal 
from the base station can be conducted, even when the 
apparatus has largely moved within the radio area dur- 
ing the power off interval, and consequently the dis- 
tance between the base station and the apparatus at 
the time when power is turned on again has largely 
changed from that at the time when power is turned off. 
[0013] Furthermore, after power is turned on again, 
the synchronization acquisition operation is preferably 
monitored. If the synchronization acquisition of the pilot 
signal of acquisition subject cannot be conducted while 
the spreading code is shifted by a predetermined value, 
then preferably the generation phase of the spreading 
code is reset to a predetermined reference phase, and 
the synchronization acquisition of the pilot signal is con- 
ducted from the reference phase. 
[0014] By doing so, a shift to the synchronization 
acquisition from the reference phase is conducted in the 
case where the pilot signal of acquisition subject could 
not be acquired during a predetermined phase shift 
interval for some reasons. Therefore, repetition of the 
synchronization acquisition operation within a predeter- 
mined phase range for an indefinite time is prevented. 
As a result, the pilot signal can be acquired certainly. 
[001 5] Furthermore, after the synchronization acquisi- 
tion of the pilot signal of the acquisition subject has 
been conducted by the signal search means when 
power is turned on again, the second control means 
causes the signal search means to conduct signal 
search operation for another pilot signal including 
another short code with different offset of the spreading 
code, and if another pilot signal having a larger correla- 
tion value with the another short code than the pilot sig- 
nal under acquisition has been detected, the second 
control means effects such control as to change over 
the subject of synchronization acquisition to the another 
pilot signal. 

[001 6] By doing so, the subject of acquisition can be 
automatically changed over to a pilot signal yielding a 
higher receiving quality after the synchronization acqui- 
sition. In the case where the apparatus moves in the 
vicinity of the boundary of the radio area or the receiving 
quality of the pilot signal is not so good because of a 
radio wave obstruction or the like, therefore, a pilot sig- 



nal yielding a better radio wave propagation condition 
can be acquired. 

[0017] in accordance with another aspect of the 
present invention, there is provided a spread spectrum 

5 communication apparatus for transmitting/receiving dig- 
ital signals to/from a base station in a spread spectrum 
form by using a spreading code having a periodicity and 
having a different offset value for each radio area, com- 
prising: spreading code generation means for generat- 

w ing a plurality of short codes by shifting a phase of the 
spreading code, during a synchronization acquisition 
interval for a pilot signal transmitted by the base station; 
signal search means for conducting synchronization 
acquisition of the pilot signal on the basis of a correla- 

15 tion between a short code of the pilot signal and each of 
the generated short codes; receiving means for receiv- 
ing a synch channel signal; and phase holding means 
for recognizing and holding offset information repre- 
senting an offset value of the pilot signal subjected to 

20 synchronization acquisition from system synchroniza- 
tion timing and system synchronization timing informa- 
tion from the received synch channel signal during 
power off interval and controlling a phase of generation 
start of the spreading code for receiving conducted by 

25 the spreading code generation means on the basis of 
the held information when power is turned on again. 
[0018] Even if the power of the apparatus is turned off, 
therefore, the phase information of the spreading code 
obtained before power is turned off is held during power 

30 off interval according to the present invention. When 
power is turned on again, the synchronization acquisi- 
tion operation of the pilot signal is started on the basis 
of the held phase information. In the case where the 
communication apparatus stays within the same radio 

35 area or in the vicinity thereof, therefore, the synchroni- 
zation acquisition can be achieved in a shorter time as 
compared with the conventional technique. 
[0019] in accordance with another aspect of the 
present invention, there is provided a radio communica- 
te tion apparatus for use in a radio communication system, 
the apparatus communicating a signal with a base sta- 
tion, the signal being spread by a code, the base station 
broadcasting a pilot signal, comprising: generating 
means for generating a plurality of codes during a time 

45 period for receiving the pilot signal; signal search 
means for conducting synchronization acquisition of the 
pilot signal on the basis of correlation between each of 
the generated codes and the received pilot signal and 
for recognizing a timing information when the pilot sig- 

50 nal and the generated code are synchronized; and con- 
trolling means for storing the recognized information 
while a power of the apparatus is turned off and control- 
ling a sequence of generating the codes based on the 
stored information after the power of the apparatus is 

55 turned on. 

[0020] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
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features. 

[0021] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a schematic configuration diagram show- 
ing a first embodiment of a CDMA cellular radio 
system according to the present invention; 
FIG. 2 is a circuit block diagram showing the config- 
uration of a spread spectrum communication appa- 
ratus used as a mobile station in the system shown 
in FIG. 1 ; 

FIG. 3 is a circuit block diagram showing the config- 
uration of a search receiver of the spread spectrum 
communication apparatus shown in FIG. 2; 
FIG. 4 is a timing diagram to be used in description 
of operation of each embodiment of the present 
invention; 

FIG. 5 is a flow chart showing a procedure of a sec- 
ond PN search control and its control contents; 
FIG. 6 is a diagram illustrating phase shift operation 
of a PN code in the second search control; 
FIG. 7 is a diagram showing a received waveform of 
a signal detected by the second PN search control; 
FIG. 8 is a flow chart showing a procedure of a first 
PN search control and its control contents; 
FIG. 9 is a diagram illustrating phase shift operation 
of a PN code in the first search control; 
FIG. 10 is a diagram showing a received waveform 
of a signal detected by the f irst PN search control; 
and 

FIG. 1 1 is a flow chart showing a procedure of an 
idle hand off control after power is turned on again 
and showing its control contents. 

[0022] FIG. 1 is a schematic configuration diagram 
showing a first embodiment of a CDMA cellular radio 
system according to the present invention, and BSa, 
BSb and BSc denote base stations. These base sta- 
tions BSa, BSb and BSc are connected to a mobile 
communication control station, which is not illustrated, 
via respective communication lines. They are further- 
more connected to a public network via the mobile com- 
munication control station. The base stations BSa, BSb 
and BSc form radio zones Ea, Eb and Ec called cells, 
respectively. The radio zone Ea is divided into three 
radio areas a1 , a2 and a3 called sectors. The radio zone 
Eb is divided into three radio areas b1 , b2 and b3 called 
sectors. The radio zone Ec is divided into three radio 
areas c1, c2 and c3 called sectors. The base stations 
BSa, BSb and BSc sets offset values of the spreading 
code of the sectors a1 , a2, a3, b1 , b2, b3, c1 , c2 and c3 
to mutually different values. 

[0023] In the radio zones Ea, Eb and Ec. a mobile sta- 
tion PS is connected to a corresponding base station via 
a radio channel. Thus communication can be con- 
ducted. As the access method for the radio channel, the 
CDMA method is used. When power is turned on, the 



mobile station PS conducts the synchronization acquisi- 
tion operation for a short code of the pilot signal trans- 
mitted by a base station. This synchronization 
acquisition operation is conducted by searching the PN 

5 offset associated with the sector in which its own appa- 
ratus is located, out of the offsets of the PN code differ- 
ent from sector to sector as described above. 
[0024] FIG. 2 is a circuit block diagram showing the 
configuration of a spread spectrum communication 

10 apparatus used as the above described mobile station 
PS. 

[0025] In FIG. 2, a transmit voice signal of a talker out- 
put from a microphone 10a is converted to a digital sig- 
nal by an analog/digital converter (A/D) 11a, then 

is encoded by a voice coder/decoder (hereafter referred to 
as vocoder) 12, and then input to a control circuit 13. In 
the control circuit 13, a control signal and so are added 
to a coded transmit voice signal output from the vocoder 
12. As a result, transmit data is generated. 

20 [0026] In a data synthesis circuit 1 4, an error detection 
code and an error correction code are added to the 
transmit data. Resultant transmit data is encoded in a 
convolutional encoder 15, and subjected to processing 
for interleaving in an interleave circuit 1 6. Transmit data 

25 output from the interleave circuit 16 is subjected to 
spectrum spreading by a short code in a spectrum 
spreading device 17, resulting in a wideband signal, in a 
digital filter 18, unnecessary frequency components are 
removed from the transmit signal subjected to spectrum 

30 spreading. A resultant transmit signal is then converted 
to an analog signal by a digital/analog converter (D/A) 
19. In an analog front/end 20, the analog transmit signal 
is up-converted to a predetermined radio channel fre- 
quency and subjected to power amplification to have a 

35 predetermined transmit power level. Thereafter, the 
amplified transmit signal is transmitted from an antenna 
21 to the base stations BSa, BSb and BSc which are not 
illustrated. 

[0027] On the other hand, a radio signal received by 
40 the antenna 21 is subjected to low-noise amplification 
and down-converted to an intermediate frequency or a 
baseband frequency in the analog front/end 20. The 
received signal output from the analog front/end 20 is 
converted to a digital signal with a predetermined sarn- 
45 pling period in an analog/digital converter (A/D) 22, and 
then input to a search receiver 23 and three finger cir- 
cuits 24, 25 and 26. 

[0028] Each of the finger circuits 24, 25 and 26 
includes an initial acquisition portion, a clock tracking 

so portion, and a data demodulation portion. Among them, 
the data demodulation portion conducts spectrum 
despreading on the received transmit signal transmitted 
from a base station, and integrates a resultant signal 
over one symbol interval in an integrating dump filter. 

55 The reasons for providing three finger circuits are to 
receive a mufti-path received signal with a high signal- 
to-noise ratio by using a path diversity effect and to 
change over connected base stations during communi- 
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cation without disconnecting the radio channel, i.e., 
conduct so-called soft hand off. 
[0029] Symbols demodulated by the finger circuits 24, 
25 and 26 are input to a symbol synthesizer 27 together 
with synchronization information and combined s 
together. The combined demodulated symbols are input 
to a deinterleave circuit 28 together with timing informa- 
tion, and subjected to deinterleave processing in the 
deinterleave circuit 28. Subsequently, demodulated 
symbols after deinterleaving are subjected to Viterbi io 
decoding in a Viterbi decoder 29. The demodulated 
symbols after subjected to Viterbi decoding is subjected 
to error correcting decoding in an error correction circuit 
30, and input to the control circuit 13 as received data. 
In the control circuit 13, the received data thus input is 
thereto is separated into voice data and control data. 
Among them, the voice data is subjected to voice 
decoding in the vocoder 12, then converted to an ana- 
log signal in a digital/analog converter (D/A) 11b, and 
then output from a speaker 1 0b as a loudspeaking 20 
voice. 

[0030] A key input and display unit 31 is provided for 
the user to input dial data and control data by using keys 
or for displaying various kinds of information concerning 
the operation state of the mobile station PS. Operation 25 
of this key input and display unit 31 is controlled by the 
control circuit 13. 

[0031] By the way, the search receiver 23 is provided 
to search a PN code of a pilot signal broadcast from the 
base stations BSa, BSb and BSc and acquire the offset. 30 
The search receiver 23 has the following configuration. 
FIG. 3 is a circuit block diagram showing the configura- 
tion. 

[0032] A pilot signal received by the analog front/end 
20 and converted to a digital signal by the A/D converter 35 
22 is input to a correlator 232. In this correlator 232, the 
short code of the received pilot signal and the short 
code generated from a PN code generation circuit 231 
are correlated and the correlation value is input to a sig- 
nal search circuit 233. In the signal search circuit 233, 40 
received power information is detected on the basis of 
the correlation value. The detected value of the received 
power information is input to the control circuit 13. 
[0033] Furthermore, in the search receiver 23 of the 
present embodiment, a PN period holding counter 234 45 
is provided. This PN period holding counter 234 oper- 
ates using power supplied from a backup power supply 
32 even after the power supply of the apparatus is 
turned off and holds the phase information of the PN 
code of the PN code generation circuit 231 obtained so 
before power is turned off. When power is turned on 
again, a phase derived on the basis of the phase infor- 
mation of the PN code thus held is supplied to the PN 
code generation circuit 231 as an initial phase. 
[0034] The control circuit 13 includes, for example, a 55 
microcomputer as a main controller. Besides various 
ordinary control functions concerning the communica- 
tion operation, the control circuit 13 includes a first PM 



search control means 13a and a second PN search 
means 13b. 

[0035] The first PN search control means 13a is used 
in the case where the short code synchronization is not 
achieved by the second PN search control means 13b 
as described later. The first PN search control means 
13a supplies an initial reference phase of the PN code 
arbitrarily set for each mobile station PS to the PN code 
generation circuit 231 and causes PN code shift opera- 
tion for the PN search of the pilot signal to be started 
from this initial reference phase. 
[0036] The second PN search control means 13b is 
used in order to conduct synchronization acquisition in a 
short time in the case where power of the mobile station 
PS is turned on again in a radio area where power of the 
mobile station was turned off, or in the vicinity of the 
radio area The second PN search control means 13b 
supplies a phase derived on the basis of the phase 
information of the PN code held in the PN period hold- 
ing counter 234 to the PN code generation circuit 231 , 
and causes PN code shift operation for PN search of the 
received pilot signal to be started from this initial phase. 
By the way, the phase information of the PN code held 
in the PN period holding counter 234 is reference timing 
of the mobile station PS at the timing of acquisition of 
the sync channel, i.e.. timing delayed from the system 
time by the offset of the acquired base station as shown 
in FIG. 4. 

[0037] A PN search operation in the mobile station 
having the configuration heretofore described will now 
be described. 

[0038] If power is turned on in the mobile station PS, 
the control circuit 13 starts PN search control according 
to second PN search control procedure. FIG. 5 is a flow 
chart showing the procedure. 

[0039] At step 5a. the control circuit 13 supplies a 
phase derived on the basis of the phase information of 
the PN code held in the PN period holding counter 234 
to the PN code generation circuit 231 of the search 
receiver 23, and specifies a search width of the PN 
code. This search width is provided in order to ensure 
acquisition of the short code synchronization, in the 
case where the mobile station has moved in a sector 
from the time point of turning off power, by considering 
the propagation time difference of the pilot signal 
between before the movement and after the movement. 
The search width is set to a value larger than the prop- 
agation delay time difference corresponding to the max- 
imum diameter of the sector. If the mobile station moves 
by, for example, 10 km, the propagation delay time dif- 
ference of the pilot signal becomes a value correspond- 
ing to 40 chips of the PN code. In the case of a system 
having 10 km as the maximum diameter of the sector, 
the search width of the PN code is set to ±50 chips. 
[0040] As the initial value, the PN code generation cir- 
cuit 231 sets the PN code phase information held in the 
PN period holding counter 234, such as a phase 
obtained by subtracting 50 chips from offset "2." There- 



BNSDOCID: <EP 0896437A2J_> 



5 



9 



EP 0 896 437 A2 



10 



after, the PN code generation circuit 231 generates 
short codes while shifting the phase of the PN code chip 
by chip according to a command given by the control cir- 
cuit 13. In the search receiver 23, the correlation value 
between this short code and the short code of received 
pilot signal is derived by the correlator 232, whenever 
the PN code is shifted by one chip. On the basis of the 
correlation value, the received power level is detected 
by the signal search circuit 233. 
[0041] At step 5b, the control circuit 13 compares the 
received power level with a threshold value. If the 
received power level is the threshold value or less, then 
the control circuit 13 judges the PN code phase of the 
pilot signal still undetected, and proceeds from step 5c 
to step 5d. The control circuit 13 determines whether 
the PN search of the preset search width (±50 chips) 
has been finished. If it has not been finished, the control 
circuit 1 3 proceeds to step 5e. At step 5e, the control cir- 
cuit 1 3 shifts the generation phase of the PN code gen- 
erated by the PN code generation circuit 231 by one 
more chip, and conducts the level decision between the 
received power level and the threshold value again at 
the step 5b. Thereafter, the processing heretofore 
described is repeated in the same way until received 
power level exceeding the threshold value is detected 
within the range of the set search width (±50 chips). 
FIG. 6 shows the phase change of the PN code in the 
PN search operation. 

[0042] It is now assumed that during the search oper- 
ation heretofore described the phase of the PN code 
generated by the PN code generation circuit 231 has 
coincided with the PN offset "2" of the pilot signal trans- 
mitted toward a sector a2 by the base station BSa. 
Thereupon, the received power level output from the 
search receiver 23 exceeds the threshold value as 
shown in FIG. 7. Therefore, the control circuit 13 judges 
that the pilot signal transmitted from a desired base sta- 
tion has been received, and proceeds from the step 5c 
to step 5f. At the step 5f, the control circuit 13 stops the 
phase shift of the PN code generated by the PN code 
generation circuit 231. Thus the short code synchroni- 
zation is established. Thereafter, the mobile station pro- 
ceeds to waiting operation. 

[0043] On the other hand, if the pilot signal could not 
be acquired by the PN search operation within the 
above described search width (±50 chips), then the con- 
trol circuit 1 3 proceeds from the step 5d to a first search 
control mode, and conducts the PN search operation 
again. FIG. 8 is a flow chart showing the procedure and 
contents of the first PN search control. 
[0044] At step 8a, the control circuit 13 provides the 
PN code generation circuit 231 of the search receiver 
23 with the initial reference phase, and causes the 
phase shift operation of the PN code to be started from 
the initial reference phase. Thereupon, in the search 
receiver 23 whenever the PN code generated by the PN 
code generation circuit 231 is shifted by one chip, the 
correlation value between this short code and the short 



code of the received pilot code is derived. Furthermore, 
from the correlation value, the received power level is 
detected. The detected value information is taken in the 
control circuit 13. 

5 [0045] At step 8b, the control circuit 1 3 compares the 
above described received power level with the threshold 
value. If the received power level is the threshold value 
or the less, the control circuit 13 judges the short code 
synchronization to be still undetected, and proceeds 

w from step 8c to step 8d. And at step 8d, the control cir- 
cuit 13 shifts the generation phase of the PN code gen- 
erated by the PN code generation circuit 231 by one 
chip, and causes the level decision with the threshold 
value at the step 8b. Thereafter, the processing hereto- 

15 fore described is repeated in the same way until 
received power level exceeding the threshold value is 
detected. FIG. 9 shows the phase change of the PN 
code in this PN search operation. 
[0046] It is now assumed that during the search oper- 

20 ation heretofore described the phase of the PN code 
generated by the PN code generation circuit 231 has 
coincided with the PN offset "2" of the pilot signal trans- 
mitted toward the sector a2 by the base station BSa. 
Thereupon, the received power level output from the 

25 search receiver 23 exceeds the threshold value as 
shown in FIG. 10. Therefore, the control circuit 13 
judges that the pilot signal transmitted from a desired 
base station has been received, and proceeds from the 
step 8c to step 8e. At the step 8e, the control circuit 13 

30 stops the phase shift of the PN code generated by the 
PN code generation circuit 231. Thus the short code 
synchronization is established. Thereafter, the mobile 
station PS proceeds to waiting operation. 
[0047] If the mobile station PS has proceeded to the 

35 waiting state as heretofore described, the mobile station 
PS executes the idle hand off control. The reason for 
executing the idle hand off control is that in the case 
where the mobile station PS has moved to, for example, 
the vicinity of the boundary between the sector a2 and 

40 another sector b1 as represented by PS' of FIG. 1 , it is 
sometimes desirable to acquire a pilot signal directed to 
another sector yielding a higher received level than the 
pilot signal being now under acquisition. Therefore, this 
idle hand off control is effected. FIG. 11 is a flow chart 

45 showing its control procedure. 

[0048] At step 1 1 a, the control circuit 1 3 first receives 
a neighbor list message notified by the base station 
BSa, and extracts an offset value of another neighbor 
sector from this message. At step 11b, the control circuit 

so 13 orders the search receiver 23 to conduct a PN 
search for acquiring a pilot signal directed to the other 
neighbor sector. 

[0049] If a pilot signal having a received power level 
exceeding the threshold value is detected by this PN 
55 search operation, the control circuit 13 determines at 
step 1 1 c whether the received power level of this newly 
detected pilot signal is higher than the received power 
level of the pilot signal currently under the short code 
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synchronization acquisition. If, for example, a pilot sig- 
nal (PN offset "7") having a higher received power level 
than the pilot signal (PN offset "2") currently under the 
short code synchronization acquisition is detected as 
shown in FIG. 7, then the subject of the synchronization 5 
acquisition is changed over to this newly received pilot 
signal at step 1 id, and the control circuit 13 proceeds to 
the waiting state again after this changeover. 
[0050] In the first embodiment of the present invention 
as heretofore described, the PN period holding counter 10 
234 is provided in the search receiver 23, and phase 
information of the PN code is held in the PN period hold- 
ing counter 234 during the power off interval. At the time 
of operation of the short code synchronization acquisi- 
tion of the pilot signal conducted when power is turned is 
on again, the operation of the short code synchroniza- 
tion acquisition of the pilot signal is conducted with a 
preset search width around the phase derived on the 
basis of the above described held phase information. 
[0051 ] If power is turned on again in such a state that 20 
the mobile station PS does not move to another sector, 
it becomes possible to conduct the synchronization 
acquisition of the pilot signal with a high probability in a 
short time by utilizing the synchronization phase infor- 
mation obtained before power is turned off. For exam- 25 
pie, in the example shown in FIG. 6, the time required 
for the short code synchronization acquisition of the 
pilot signal is T2 which is approximately 1/2 of the PN 
search width. At most, it takes only T3 corresponding to 
100 chips of the PN code which is the PN code search 30 
width. On the other hand, in the case where the PN 
code search is started always from an arbitrary initial 
reference phase, when power is turned on again, a time 
corresponding to T1 of FIG. 9 is required. 
[0052] A search width according to the propagation 35 
delay time difference corresponding to the maximum 
diameter of a sector is set and the short code synchro- 
nization acquisition is conducted within this search 
width. Consequently, even if the mobile station has 
moved from an end of a sector to another end thereof 40 
during the power off interval, therefore, the short code 
synchronization acquisition can be conducted certainly 
without missing the pilot signal of the base station 
acquired before power was turned off. 
[0053] If, as a result of the search in the range of the 45 
above described search width, a desired pilot signal 
could not be acquired due to. for example, temporary 
deterioration of the radio wave propagation condition, 
then the phase of the PN code of the search receiver 23 
is set to an arbitrary initial reference phase, and the first so 
PN search control is executed. As a result, the pilot sig- 
nal from the desired base station can be acquired cer- 
tainly. 

[0054] Furthermore, in the waiting state after the short 
code synchronization acquisition, the idle hand off con- 55 
trol is executed. Therefore, in the case where a pilot sig- 
nal yielding a larger received power level than the 
acquired pilot signal could be received, the subject of 



acquisition of the short code synchronization is 
changed over to the newly received pilot signal and a 
shift to the waiting state is conducted. 
[0055] Without fixing the subject of the short code syn- 
chronization acquisition to the pilot signal obtained 
before power is turned off, therefore, the best pilot signal 
according to the position of the mobile station PS at that 
time can be acquired. Since idle hand off is conducted 
by the mobile station on the basis of individual decision 
without receiving a command from the base station, it 
can be carried out by a simple procedure without cast- 
ing a control burden upon the network side such as the 
base station. 

[0056] As the first embodiment, there has been 
described the case where the reference timing (timing 
delayed from the system time by the offset of the 
acquired base station) of the mobile station obtained at 
the timing of acquisition of the sync channel is held in 
the PN period holding counter 234 during the power off 
interval and the short code synchronization acquisition 
operation of the pilot signal is conducted on the basis of 
the held timing when power is turned on again. 
[0057] In some systems, however, it might be neces- 
sary to hold information of the system synchronization 
timing (timing synchronized with the system time) and 
the offset value information of the acquired base station 
during the power off interval, in order to acquire a base 
station in a short time when power is turned on again. In 
a second embodiment of the present invention, these 
kinds of information is held and the synchronization 
acquisition is conducted using these information when 
power is turned on again. 

[0058] In other words, as shown in FIG. 4, the mobile 
station PS is synchronized to the system time (system 
reference timing) after the sync channel is acquired. 
During the power off interval, a counter for generating 
synchronized to the system reference timing is made to 
operate, and the offset of the base station acquired 
before power is turned off is held in a RAM included in 
the control circuit 13. When power is turned on again, 
the vicinity of the offset of the base station to be 
acquired is preferentially subjected to the PN search on 
the basis of timing held in the counter and the offset of 
the base station held in the RAM. The control procedure 
and control contents of the PN search are the same as 
those of the second PN search control described with 
reference to the first embodiment. 
[0059] The present invention is not limited to the 
above described embodiments. For example, the PN 
search width in the second PN search control may not 
be fixed, but may be variably set to an optimum value 
from sector to sector. This can be implemented as fol- 
lows. The PN search width corresponding to the maxi- 
mum diameter of each sector is stored in the memory 
within the control circuit 13 beforehand so as to be 
associated with the sector name or PN offset. When 
starting the search control, the mobile station reads out 
the search width corresponding to the sector of the 
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acquisition subject from the above described memory, 
and sets it in the search receiver 23. 
[0060] Furthermore, the first embodiment has been 
described by taking such a system that one cell is 
divided into three sectors and these sectors are pro- 
vided with different PN offsets as an example. Alterna- 
tively, the present invention may be applied to such a 
system that each cell is provided with different PN off- 
sets or such a system that a plurality of cells or radio 
areas are provided with different PN offsets. 
[0061] Besides, as for the procedure and control con- 
tents of the first PN search control and the second PN 
search control, the circuit configuration of the spread 
spectrum communication apparatus, the kind and con- 
figuration of the mobile communication system, and the 
set value of the PN offset as well, the present invention 
can be impiemented in various variations in such a 
range as not to depart from the spirit of the invention. 
[0062] According to the present invention, the means 
for holding the phase of the spreading code is provided, 
as described in detail heretofore. During the power off 
interval, the phase information of the spreading code in 
the spreading code generation means is held in the 
state obtained during the power on interval. When 
power is turned on again, the generation start phase of 
the spreading code in the spreading code generation 
means is controlled on the basis of the phase informa- 
tion thus held. As a result it is possible to provide a 
spread spectrum communication apparatus capable of 
raising the probability of acquiring the short code syn- 
chronization of the pilot signal with short time, when the 
mobile station stays within the same radio area or in the 
vicinity thereof. 

Claims 

1. A spread spectrum communication apparatus for 
transmitting/receiving digital signals to/from a base 
station in a spread spectrum form by using a 
spreading code having a periodicity and having a 
different offset value for each radio area character- 
ized by comprising: 

spreading code generation means (231) for 
generating a plurality of short codes by shifting 
a phase of the spreading code, during a syn- 
chronization acquisition interval for a pilot sig- 
nal transmitted by said base station; 
signal search means (232, 233) for conducting 
synchronization acquisition of said pilot signal 
on the basis of a correlation between a short 
code of the pilot signal and each of the gener- 
ated short codes and for recognizing a timing 
information of the spreading code when the 
short code of the pilot signal and th generated 
short code are synchronized; and 
phase holding means (234) for holding the rec- 
ognized timing information during power off 



interval and controlling a phase of generation 
start of the spreading code conducted by said 
spreading code generation means on the basis 
of said held information when power is turned 
5 on again. 

2. A spread spectrum communication apparatus 
according to claim 1, characterized in that said 
phase holding means sets the phase of generation 

10 start of the spreading code conducted by said 
spreading code generation means to a position 
delayed from a phase derived on the basis of said 
information held during the power off interval by a 
predetermined phase value, when power is turned 

15 on again. 

3. A spread spectrum communication apparatus 
according to claim 1 , characterized by further com- 
prising first control means (13a), wherein after 

20 power is turned on again, said first control means 
monitors the synchronization acquisition operation 
conducted by said signal search means, and if syn- 
chronization acquisition of a pilot signal of an acqui- 
sition subject cannot be conducted while said 

25 spreading code is shifted by a predetermined value, 
said first control means causes said signal search 
means to conduct the synchronization acquisition 
operation of the pilot signal, by shifting the phase of 
generation of the spreading code for receiving by 

30 said spreading code generation means from an 
arbitrarily determined reference phase by said pre- 
determined value at a time. 

4. A spread spectrum communication apparatus 
35 according to claim 2, characterized by further com- 
prising first control means, wherein after power is 
turned on again, said first control means monitors 
the synchronization acquisition operation con- 
ducted by said signal search means, and if syn- 

40 chronization acquisition of a pilot signal of an 
acquisition subject cannot be conducted while said 
spreading code is shifted by a predetermined value, 
said first control means causes said signal search 
means to conduct the synchronization acquisition 

45 operation of the pilot signal, by shifting the phase of 
generation of the spreading code for receiving by 
said spreading code generation means from an 
arbitrarily determined reference phase by said pre- 
determined value at a time. 

50 

5. A spread spectrum communication apparatus 
according to claim 1 , characterized by further com- 
prising second control means (13), wherein after 
the synchronization acquisition of the pilot signal of 

55 the acquisition subject has been conducted by said 
signal search means when power is turned on 
again, said second control means causes said sig- 
nal search means to conduct signal search opera- 
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tion for another pilot signal including another short 
code with different offset of the spreading code, and 
if another pilot signal having a larger correlation 
value with the another short code than said pilot 
signal under acquisition has been detected, said 5 
second control means effects such control as to 
change over the subject of synchronization acquisi- 
tion to said another pilot signal. 

6. A spread spectrum communication apparatus for to 
transmitting/receiving digital signals toftrom a base 
station in a spread spectrum form by using a 
spreading code having a periodicity and having a 
different offset value for each radio area, character- 
ized by comprising: 75 

spreading code generation means (231) for 
generating a plurality of short codes by shifting 
a phase of the spreading code, during a syn- 
chronization acquisition interval for a pilot sig- 20 
nal transmitted by said base station; 
signal search means (232, 233) for conducting 
synchronization acquisition of said pilot signal 
on the basis of a correlation between a short 
code of the pilot signal and each of the gener- 25 
ated short codes; 

receiving means for receiving a synch channel 
signal; and 

phase holding means (234, 13) for recognizing 
and holding offset information representing an 30 
offset value of said pilot signal subjected to 
synchronization acquisition from system syn- 
chronization timing and system synchroniza- 
tion timing information from the received synch 
channel signal during power off interval and 35 
controlling a phase of generation start of the 
spreading code for receiving conducted by said 
spreading code generation means on the basis 
of said held information when power is turned 
on again. 40 

7. A spread spectrum communication apparatus 
according to claim 6, characterized in that said 
phase holding means sets the phase of generation 
start of the spreading code conducted by said 45 
spreading code generation means to a position 
delayed from a phase derived on the basis of said 
held information held during the power off interval 

by a predetermined phase value, when power is 
turned on again. 50 

8. A spread spectrum communication apparatus 
according to claim 6, characterized by further com- 
prising first control means, wherein after power is 
turned on again, said first control means monitors 55 
the synchronization acquisition operation con- 
ducted by said signal search means, and if syn- 
chronization acquisition of a pilot signal of an 



acquisition subject cannot be conducted while said 
spreading code is shifted by a predetermined value, 
said first control means causes said signal search 
means to conduct the synchronization acquisition 
operation of the pilot signal, by shifting the phase of 
generation of the spreading code for receiving by 
said spreading code generation means from an 
arbitrarily determined reference phase by said pre- 
determined value at a time. 

9. A spread spectrum communication apparatus 
according to claim 7, characterized by further com- 
prising first control means, wherein after power is 
turned on again, said first control means monitors 
the synchronization acquisition operation con- 
ducted by said signal search means, and if syn- 
chronization acquisition of a pilot signal of an 
acquisition subject cannot be conducted while said 
spreading code is shifted by a predetermined value, 
said first control means causes said signal search 
means to conduct the synchronization acquisition 
operation of the pilot signal, by shifting the phase of 
generation of the spreading code for receiving by 
said spreading code generation means from an 
arbitrarily determined reference phase by said pre- 
determined value at a time. 

10. A spread spectrum communication apparatus 
according to claim 6, characterized by further com- 
prising second control means (13), wherein after 
the synchronization acquisition of the pilot signal of 
the acquisition subject has been conducted by said 
signal search means when power is turned on 
again, said second control means causes said sig- 
nal search means to conduct signal search opera- 
tion for another pilot signal including another short 
code with different offset of the spreading code, and 
if another pilot signal having a larger correlation 
value with the another short code than said pilot 
signal under acquisition has been detected, said 
second control means effects such control as to 
change over the subject of synchronization acquisi- 
tion to said another pilot signal. 

11. A radio communication apparatus for use in a radio 
communication system, the apparatus communi- 
cating a signal with a base station, the signal being 
spread by a code, the base station broadcasting a 
pilot signal, characterized by comprising: 

generating means (231) for generating a plural- 
ity of codes during a time period for receiving 
the pilot signal; 

signal search means (232, 233) for conducting 
synchronization acquisition of the pilot signal 
on the basis of correlation between each of the 
generated codes and the received pilot signal 
and for recognizing a timing information when 
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the pilot signal and the generated code are 
synchronized; and 

controlling means (234) for storing the recog- 
nized information while a power of the appara- 
tus is turned off and controlling a sequence of s 
generating the codes based on the stored infor- 
mation after the power of the apparatus is 
turned on. 
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